Objective. Despite substantial evidence of the benefits of breastfeeding for both mothers and children, rates of sustained breastfeeding in the United States are quite low. This study examined whether mandated coverage of lactation support services under the Affordable Care Act (ACA) affects breastfeeding behavior. Data Source. We studied the census of U.S. births included in the National Vital Statistics System from 2009 to 2014. Study Design. We used regression-adjusted difference-in-differences (DD) to examine changes in breastfeeding rates for privately insured mothers relative to those covered by Medicaid. We adjusted for several health and sociodemographic measures. We also examined the extent to which the effect varied across vulnerable populations-by race/ethnicity, maternal education, WIC status, and mode of delivery. Principal Findings. Results suggest that the ACA mandate increased the probability of breastfeeding initiation by 2.5 percentage points, which translates into about 47,000 more infants for whom breastfeeding was initiated in 2014. We find larger effects for black, less educated, and unmarried mothers. Conclusions. The Affordable Care Act-mandated coverage of lactation services increased breastfeeding initiation among privately insured mothers relative to mothers covered by Medicaid. The magnitude of the effect size varied with some evidence of certain groups being more likely to increase breastfeeding rates.
education, and about 59-60 percent of Hispanic and black mothers attempt to breastfeed their newborns, according to vital statistics records. 1 Studies have shown that the use of lactation services, including lactation consultants and breast pumps, can increase both a woman's commitment to and her success with breastfeeding (Bonuck et al. 2005; Olson et al. 2010; Haider et al. 2014) . These studies found the use of lactation consultants and peer or role models for counseling increased breastfeeding duration and intensity. Breast pumps, a necessity for mothers who need to be separated from their infants for work or school, can also stimulate milk production to address low milk supply issues (Merewood et al. 2003; Chamberlain et al. 2006; Kent, Prime, and Garbin 2012) . Access to breast pumps may be particularly critical for low-income mothers who may need to return to work soon after delivery (Chamberlain et al. 2006) .
The Affordable Care Act (ACA) mandated that all nongrandfathered private health insurance plans must provide coverage for lactation support, counseling, and equipment for breastfeeding starting with the first plan or policy year beginning on or after August 1, 2012 (through the requirement of coverage of preventive services, in Section 2713). Although this mandate did not address existing Medicaid coverage policies, the wider availability and affordability of private health insurance through subsidized Marketplace plans has the potential to greatly expand coverage for low-income pregnant women who did not qualify for Medicaid because their household income was above the eligibility threshold (about 200 percent of the Federal Poverty Level nationally). 2 Little is known, however, about the effect of this expanded coverage on breastfeeding initiation, particularly for vulnerable populations who may have limited access to social supports and resources that would improve breastfeeding success. Overall estimates suggest that if 80 percent of mothers breastfed for 6 months, the United States could save $10.5 billion in health care costs in the infant's first year of life alone. These cost savings might be greater to the extent that diseases prevented by breastfeeding are more prevalent among certain disadvantaged populations (Bartick and Reinhold 2010) . Moreover, savings beyond the first year of life may also be realized to the extent that breastfeeding prevents long-term chronic conditions, such as obesity (Armstrong and Reilly 2002; Arenz et al. 2004) . Thus, the return on investment for mandated coverage of lactation services may be substantially greater if mandated coverage mitigates breastfeeding disparities.
This study provides evidence on the extent to which mandated health insurance coverage of lactation services influences breastfeeding initiation using a regression-adjusted difference-in-differences model and the NCHS NVSS birth data from 2009 to 2014.
PREVIOUS LITERATURE
Breastfeeding has been linked to a host of positive child and maternal health outcomes. In particular, breastfeeding has been linked to reduced risks of acute otitis media, gastrointestinal infections, respiratory tract diseases, childhood obesity, and Type 2 diabetes for normal term infants (Ip et al. 2007 ). For mothers, breastfeeding has been linked to lower postpartum weight retention, incidence of Type 2 diabetes, hyperlipidemia, hypertension, cardiovascular disease, and risk of breast and ovarian cancers ( Janney, Zhang, and Sowers 1997; Olson et al. 2003; Stuebe et al. 2005; Schwarz et al. 2009; Østbye et al. 2012) . More recent studies have started to question whether previous studies have overestimated the true effects of breastfeeding, particularly on long-term health outcomes and cognitive development, because women nonrandomly choose to breastfeed (selection bias) (Kramer et al. 2001; Evenhouse and Reilly 2005; Colen and Ramey 2014) . The evidence from this newer literature, however, is mixed with some randomized control trials (RCTs) still documenting positive effects of breastfeeding on cognitive ability (Kramer et al. 2001; Kramer 2010) , better infant health outcomes, and lower health care costs (Pugh et al. 2002; Anderson et al. 2005) . Two sibling studies using withinmother differences in feeding behaviors have found virtually no positive effects of breastfeeding on long-term outcomes (Evenhouse and Reilly 2005; Colen and Ramey 2014) . Evidence of the benefits of breastfeeding on more immediate child and maternal health outcomes, however, are well established and less controversial (Kramer 2010) .
In a Grossman (1972) model of health capital, an infant's stock of health capital depends, largely, on early maternal investments, which are constrained both by the mother's budget and her time (Ruhm 2000) . Breastfeeding requires both initial (in some ways "fixed") costs and ongoing, variable costs. Initially, breastfeeding can be difficult, often requiring help from a lactation consultant, and is very labor intensive with newborns who require feeding every 2-3 hours (American Academy of Pediatricians 2015), on average. Estimates suggest that new breastfeeding mothers spend 75-100 minutes per day nursing or about 5 additional hours per week relative to mothers who choose formula feeding (Cohen et al. 1995; Jegier et al. 2010; Smith and Forrester 2013) . As infants get older, the frequency of breastfeeding declines and infants become more efficient at nursing. As nursing mothers return to work, however, time dedicated to breastfeeding may actually increase as separation from the infant requires the mother to express milk while she is away. According to Consumer Reports, a personal-use electric pump can retail for as much as $400 and hospital-grade pumps can be rented for about $55 per month (Consumer Reports 2013) . Even though this is significantly less than the typical cost of a month's supply of infant formula (at about $170 per month [Consumer Reports 2013] ), the time costs of breastfeeding for mothers as they return to work are also likely to increase (Smith and Forrester 2013) . Finally, studies suggest that expressing milk with a pump may actually require more time than the mother would have spent nursing and is negatively correlated with milk supply (Zinaman et al. 1992; Meier et al. 2012) . Clearly, the economic costs of breastfeeding for mothers are nontrivial.
Differences in the economic burden, both in terms of time and out-ofpocket expenditures for lactation support, may at least partially explain the well-documented heterogeneity in breastfeeding initiation and duration among vulnerable populations. Although breastfeeding initiation (measured when the child is 19-36 months old) 3 increased from 70.3 percent of mothers in 2000 to 74.6 percent in 2008 ), stark differences remain across subgroups of mothers with 60 percent or less of lower income, less educated, and racial/ethnic minority mothers initiating breastfeeding according to vital statistics records. 1 Breastfeeding rates also tend to increase with maternal age and household income (Roe et al. 1999 ; Centers for Disease Control and Prevention 2012). Empirical evidence on efforts to reduce the economic burden of breastfeeding has largely been focused on the effects of maternity leave benefits for mothers. Several studies have found that maternity leave increases both breastfeeding initiation and duration (Roe et al. 1999; Dennis 2002; Chatterji and Frick 2005; Baker and Milligan 2008) . Returning to work is similarly associated with reduced breastfeeding (Mandal, Roe, and Fein 2010) . One study estimating a simultaneous equations model using the Infant Feeding Practices Study data found that mothers working 8 hours outside the home when the infant was 3 months old had 1.5 fewer breastfeedings per day on average relative to mothers not working outside the home (Roe et al. 1999 ). More generally, increasing evidence suggests that efforts through state laws and employer initiatives to mitigate the costs and burden associated with continuing to breastfeed upon return to work have resulted in improvements in breastfeeding rates (Cohen and Mrtek 1994; Slusser et al. 2004; Hawkins, Stern, and Gillman 2013) . The ACA also mandated that employers provide mothers with adequate space and time to pump, but empirical evidence on the effect of this mandate has yet to be established. Although the ACA specifically addresses lactation support services and equipment, other public programs have been linked to breastfeeding among vulnerable populations. Perhaps most notable is the Special Supplemental Nutrition Program for WIC, which is designed to provide nutritional support and education to lower income pregnant and postpartum WIC. Many researchers have noted lower breastfeeding rates and duration among WIC participants (Ryan and Zhou 2006; Jacknowitz, Novillo, and Tiehen 2007; Martin-Anderson 2013 ), but it is unclear how much of this is driven by program design that supplies vouchers for infant formula to mothers who do not exclusively breastfeed, and how much is driven by the individual characteristics of the mothers and infants enrolled in the program. Studies that addressed selection bias in program participation have generated mixed results ranging from positive effects ( Joyce, Racine, and Yunzal-Butler 2008) to suggestive but imprecise negative effects from instrumental variables estimation (Chatterji et al. 2002) to conclusions that differences are driven by differences in maternal characteristics ( Jiang, Foster, and Gibson-Davis 2010) . Recent analysis using variation in food prices as an instrument for WIC participation suggests little effect on breastfeeding initiation rates, but large reductions in the amount of time spent breastfeeding exclusively (e.g., not supplementing with formula) (Bullinger and Gurley-Calvez 2015) .
Previous studies have also noted a link between mode of delivery and breastfeeding initiation (Evans et al. 2003) . For example, in 2014, only 59 percent of mothers delivering via Cesarean delivery initiated breastfeeding as of discharge compared to 68 percent of mothers delivering vaginally.
1 Cesareans result in a painful incision and stress that may hinder breastfeeding by limiting the positions in which a mother can hold her infant for nursing and affect the production of milk supply (Evans et al. 2003; Karlstr€ om et al. 2007 ). Thus, the use of lactation consultants or breast pumps to stimulate milk production may improve rates among Cesarean delivery mothers.
As health service providers and policy makers grapple with the most effective ways to encourage breastfeeding, in this study, we aim to examine the effects of recent policy changes. Specifically, we estimate the effect of the ACA-mandated coverage of lactation support services, including coverage of lactation consultant visits and breast pumps, on breastfeeding initiation overall, and among vulnerable populations.
METHODS

Data
We used publicly available birth certificate data from the NVSS-housed and maintained by the NCHS-to examine the impact of lactation support services on breastfeeding initiation. The NVSS births data are derived from all birth certificates provided by states to NCHS as mandated by federal law. We analyzed data from 2009 to 2014. Aside from containing nearly all births in the United States in a given year, the NVSS data contain information on whether each infant was being breastfed at the time of hospital discharge, details about the infant at birth, and several sociodemographic characteristics of the mother. We restricted our sample to births where our key measures (described below) are not missing, most importantly including payment source of the birth-private health insurance, Medicaid, Indian Health Service, CHAMPUS/TRICARE, other government payer, or self-pay. Our primary analytic sample contains 17,975,231 births from 2009 to 2014 (8, 698 ,072 covered by Medicaid and 9,287,512 covered by private health insurance). 4 
Approach
Our primary analytic strategy was to estimate a regression-adjusted difference-in-differences (DD) model using repeated cross-sectional data. The regression-adjusted DD model was as follows:
where BF it is a dichotomous variable equal to one if mother i had initiated breastfeeding during the period from birth to hospital discharge in birth year, t, and birth month, m. PrivHI i equals one if the source of payment for the birth was private health insurance and zero otherwise. Although not all mothers with privately insured births would be eligible for the lactation support services and some may have been covered by plans that were already offering such benefits, we compared the change in breastfeeding rates among privately insured mothers with the change in breastfeeding rates among mothers with several other categories of health insurance/source of payment. We examined the plausibility of the common trend assumption in this analysis (see Figure 1 discussed technically had until the start of the next plan year (typically January) to provide this coverage. This specification allows us to compare behavior in 2013 or 2014 relative to 2009 (before any ACA changes) or other years after which the ACA was passed but before the mandate (e.g., 2010 or 2011). X is a vector of individual-level independent control variables, including mother's age at birth, four educational attainment indicators for the mother (less than high school is the omitted category), four racial/ethnic categories of the mother (white is the omitted category), a Hispanic/Latino ethnicity indicator, an indicator for whether the mother was married at the time of birth, whether the mother received WIC during the pregnancy, and parity (number of previous births). X also includes characteristics related to the birth and associated with breastfeeding rates-an indicator for whether the birth occurred in a hospital, an indicator for Cesarean delivery, an indicator for whether the newborn was a boy, indicators for the plurality of the birth (singleton, twins, triplets, quadruplets, or quintuplets or more), the weeks of gestation at the time of birth, and the infant's 5-minute APGAR score, an indicator of overall infant health (Casey, McIntire, and Leveno 2001) , and two indicators for whether the infant had any congenital anomalies 6 or abnormal newborn conditions. 7 In addition, we included three indicators for maternal risk factors, morbidities, and infections, respectively, to control for differences that might have influenced the difficulty of the labor and delivery in a way that might have influenced breastfeeding proclivity. 8 The indicator for maternal risk factor equals one if the mother had any of the following: prepregnancy diabetes, gestational diabetes, prepregnancy hypertension, gestational hypertension, eclampsia, previous preterm birth, previous poor pregnancy outcome, infertility treatment, fertility-enhancing drugs, assistive reproductive technology, and any previous Cesarean deliveries. The indicator for any maternal morbidity equals one if the mother had any of the following complications with the labor/delivery: transfusion, perineal laceration, ruptured uterus, unplanned hysterectomy, admission to intensive care, or an unplanned operation. The indicator for any maternal infection equals one if the mother had gonorrhea, syphilis, chlamydia, Hepatitis B, or Hepatitis C. Experiencing any of these risk factors, morbidities, or infections may influence the difficulty of the labor/delivery and the likelihood of a Cesarean delivery, which might, therefore, affect the likelihood of attempting breastfeeding. Results without these controls are largely consistent with those presented here. M is a vector of month-of-birth fixed effects that absorb any seasonal differences in breastfeeding behaviors (Currie and Schwandt 2013) . We estimated equation (1) as a logistic regression but report predicted probabilities with covariates held at their means in tables below. b 3 represents our set of regression-adjusted DD estimates. To test whether the mandate mitigated disparities in breastfeeding behaviors, we included interaction terms with variables that define certain vulnerable populations:
where Group equals one for individuals in each vulnerable population and zero otherwise. We defined the following vulnerable population groupings based on the previously documented disparities in breastfeeding along these sociodemographic and health characteristics: race, 9 WIC recipient, maternal education, maternal marital status, and Cesarean delivery. The other measures are as described for equation (1) . From this model, we are interested in b 7 to determine whether the mandate resulted in changes in breastfeeding behavior differentially for women in the aforementioned subgroups relative to their counterparts. We note that our measure of "treatment," in this case, whether the birth's payment source was private health insurance, may suffer from measurement error. In particular, we cannot observe with certainty whether the mother/child was covered by a nongrandfathered health insurance plan at the time of birth or whether the mother's plan covered lactation support services prior to the mandate. In 2014, approximately 26 percent of workers in the United States were covered by a grandfathered plan (i.e., not subject to the ACA mandate) (Claxton et al. 2014) . This is down from 56 percent of workers in 2011. Thus, to the extent that our treatment group includes women who were not treated (contamination), our estimated effect will be biased downward. Similarly, although the rates of breastfeeding initiation among Medicaid births appear to have trended similarly in premandate periods, there may actually be some Medicaid births (especially in later years) where the mandate would have applied. That is, the mandate applies to newly eligible Medicaid enrollees, most of whom gained eligibility beginning in 2014 (though eight states expanded Medicaid prior to 2014) 10 (Kaiser Family Foundation 2012). This implies that our comparison group may actually contain some "treated" individuals, which will attenuate our estimated treatment effect. Thus, we view our results as a conservative or lower bound of the true treatment effect.
RESULTS
In Figure 1 , we present the percent of infants who were breastfed as of hospital discharge over time, stratified by all sources of payment, not just private health insurance and Medicaid (N = 24,005,896). In general, rates of breastfeeding are increasing over time, except for self-paid births. Notably, for our purposes, although breastfeeding rates are lower among Medicaid births, the trend over time in the preperiod is similar to the trend among private health insurance births.
In Table 1 , we present descriptive statistics for our primary analytic sample (Medicaid and private health insurance births). Mothers whose births were paid for by Medicaid are clearly different from mothers covered by private health insurance across several sociodemographic and health characteristics. Overall, about 62 percent of mothers initiated breastfeeding as of discharge.
Next, we estimated the regression-adjusted probability of breastfeeding at discharge as outlined in equation (1) . In the first two rows of Table 2 , we present the predicted probabilities obtained after estimation 11 (holding all covariates at their means) for our treatment (covered by private health insurance) births and comparison (Medicaid) births for each year. Adjusted breastfeeding rates are similar in 2009 and 2010 for private health insurance and Medicaid mothers, but they start to diverge in 2011. Each year from 2011 onwards, breastfeeding rates among privately insured are 2-3 percentage points higher than among Medicaid births (first differences reported in row 3). In the last three rows of Table 2 have been enacted. In models where we collapse pre-and postyears (and exclude 2012), we find about a 2 percentage point increase in breastfeeding due to the ACA mandate.
In Table 3 , we present just the DDs comparing 2013 (column 1) and 2014 (column 2) to 2009 for various subpopulations to estimate whether the mandate differentially affected vulnerable populations. We find a significant difference in the effect of the lactation support services mandate on black/African American births relative to white births: black/African American mothers are 1 to 2 percentage points more likely to initiate breastfeeding than white mothers are after the mandate. American Indian/Alaskan Native mothers are about 1 percentage point more likely to respond to the mandate relative to white mothers. We find little difference between Asian/Pacific Islander and white mothers' changes in breastfeeding rates from 2009 to 2013, but as of 2014, breastfeeding initiation rates had increased more for white mothers than for Asian/Pacific Islander mothers. We find some evidence of a small difference in breastfeeding rates by mother's WIC participation by 2014 with WIC mothers being about 0.5 to 1 percentage point less likely to initiate breastfeeding after the mandate. Breastfeeding rates increased the most since 2009 among mothers with a high school degree or equivalent. In contrast, rates among mothers with less than a high school degree actually declined. Comparisons in Table 3 by education compare mothers with no high school degree to other groups, but mothers with just a high school degree were about 2 percentage points more likely initiate breastfeeding after the mandate relative to more highly educated mothers. Unmarried mothers were about 1 percentage point more likely to initiate breastfeeding relative to married mothers after the mandate. Finally, we find *Any risk factors equal one if the mother had any of the following conditions/treatments: prepregnancy diabetes, gestational diabetes, prepregnancy hypertension, gestational hypertension, eclampsia, previous preterm birth, previous poor pregnancy outcome, infertility treatment, fertility enhancing drugs, assistive reproductive technology, and any previous Cesarean deliveries. † Any maternal morbidity equals one if the mother had any of the following complications with the labor/delivery: transfusion, perineal laceration, ruptured uterus, unplanned hysterectomy, admission to intensive care, or an unplanned operation. ‡ Any maternal infections present equals one if the mother had gonorrhea, syphilis, chlamydia, Hepatitis B, or Hepatitis C. § Any abnormal conditions of the newborn equals one if the infant had assisted ventilation (and whether that is greater than 6 hours), admission to NICU, surfactant, antibiotics, seizures, or birth injury. ¶ Any congenital anomalies equals one if the infant had anencephaly, meningomyelocele/spina bifida, cyanotic congenital heart disease, congenital diaphragmatic hernia, omphalocele, gastroschisis, limb reduction defect, cleft lip palate, down syndrome, suspected chromosomal disorder, and hypospadias. **Total births with non-missing source of payment and breastfeeding initiation measures. Notes. N = 17,985,584 births. Predicted probability of breastfeeding adjusted for covariates listed in equation (1). Full set of logistic regression results are in Table S1 . All values are statistically significant at p < .01 or better.
no evidence of a differential effect of the mandate on breastfeeding initiation by mode of delivery.
DISCUSSION
Overall, we found that the ACA-mandated coverage of lactation support services increased breastfeeding initiation by as much as 2.5 percentage points, which represents as many as 47,000 more infants for whom breastfeeding was initiated in a given year in the United States 12 This estimate may be a lower bound of the likely true effect as we cannot perfectly identify births that were covered by nongrandfathered plans or those where the mother had lactation support services prior to the mandate. If only 26 percent of covered employees were enrolled in grandfathered plans in 2014 (Claxton et al. 2014 ), a backof-the-envelope calculation would suggest true effect might be up to a 3.4 percentage point increase in breastfeeding initiation. It is worth noting that our We also find evidence of heterogeneous treatment effects. In particular, black/African American mothers were as much as 2 percentage points more likely to initiate breastfeeding after the mandate relative to white mothers. Mothers with a high school degree were about 2 percentage points more likely to initiate breastfeeding after the mandate relative to college-educated mothers. Unmarried mothers were about 1 percentage point more likely to initiate breastfeeding after the mandate relative to married mothers. These differential impacts suggest a positive increase in breastfeeding rates among groups that have historically had lower breastfeeding rates. Although it is unknown whether these increases in initiation rates will translate into reducing disparities in sustained breastfeeding rates (e.g., at 6 or 12 months) and ultimately, infant health, these findings are promising. Many of the economic burdenstime and costs-of breastfeeding may be greater for less educated mothers or unmarried mothers, particularly to the extent that education or marital status proxy for income.
Breastfeeding initiation rates increased for both WIC and non-WIC mothers, but more quickly for non-WIC mothers. It is unclear why this might have occurred, unless WIC mothers were already getting lactation support services prior to the mandate. Although many state WIC offices offer these services (and pumps), there is variation across states (Forrestal, Briefel, and Mabli 2015) . Future work should investigate this finding further.
In addition to the limitations mentioned previously, we note that defining a perfect comparison group is problematic because nearly everyone has been affected in some way by the ACA. Traditionally, Medicaid has not been required to provide lactation support services, but a Kaiser Family Foundation survey of state Medicaid offices found that 15 states covered lactation consultants and 31 covered equipment rentals (though not necessarily without costsharing) (Ranji et al. 2009 ). As we noted above, newly eligible Medicaid enrollees enrolled as a result of the Medicaid expansions (starting in January 2014) would also have been covered by the preventive services mandate and therefore eligible for lactation support services. Thus, our comparison sample of Medicaid mothers might contain some "treated" women, which would bias our results downward. Using self-insured births or CHAMPUS/VA coveredbirths as two alternative comparison groups yielded much larger effect sizes (16 and 6 percentage point increase in breastfeeding initiation, respectively 13 ), but we note that the preperiod trends for these two sets of mothers are different than for privately insured mothers (see Figure 1) , thus potentially invalidating the necessary common trends assumption. We also explored using a propensity-matched (PSM) sample, whereby we included only Medicaid births that were statistically similar to the births covered by private health insurance. Using one-to-one matching of births on year and month of birth, gender, plurality (singletons, twins, etc.), weeks of gestation at delivery, 5-minute APGAR score, mode of delivery, maternal age, race/ethnicity, education, marital status, any maternal risk factors or morbidities, any infections present, any congenital anomalies, whether the mother received prenatal care, and smoked before/during pregnancy and excluding all observations not on the common support (sample size = 17, 396,144), we found similar effect sizes with a 1.24 (robust standard error = 0.0008) and 2.64 (robust standard error = 0.0008) percentage point increase in breastfeeding rates from 2009 to 2013 and 2014, respectively. We present the propensity score regression results in Table S3 and the PSM-DD results in Table S4 . Early qualitative work suggests that despite the mandate, many barriers still exist for new mothers (National Women's Law Center 2015). In particular, there are reports of some health insurance plans imposing time limits to use benefits (e.g., within 48 days of birth), limiting coverage to a certain number of lactation consultant visits, or limiting coverage of equipment until after the baby is born and/or only with a prescription or prior authorization (National Women's Law Center 2015). In addition, there are concerns regarding the insurer network adequacy with reports of women being denied coverage for out-of-network providers, which is consistent with studies suggesting shortages of lactation consultants and lack of third-party reimbursement for International Board Certified Lactation Consultants (Mannel and Mannel 2006) .
Although we find evidence of an increase in breastfeeding rates, both overall and among certain vulnerable subpopulations, due to the ACA mandate, more work is needed to determine how these effects translate into longterm breastfeeding rates (e.g., at 6 and 12 months postpartum) and, ultimately, child and maternal health outcomes.
11. The full set of regression coefficients is presented in 
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